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It has been clearly shown in animals that the main site of early antibody produc- 
tion, following a local injection of a particulate bacterial antigen, is in the draining 
lymph node (1). One of the initial cellular  changes in the lymph node is the produc- 
tion of large pyroninophilic blast cells derived from cellular components of lymphoid 
tissue which  were  not proliferating before antigenic  stimulation  (2,  3).  The  blast 
cells are almost certainly derived from small lymphocytes. These cells start to appear 
2-3 days after antigenic stimulation, rapidly reach a peak, and thereafter the number 
decline  as plasma cells with a  high antibody content appear (4).  Radloautographic 
studies  of cells labeled with  tritiated  thymidine indicate  that mature plasma cells 
are derived from proliferating blast cells (3, 5-9). 
The dynamic aspects of the dissemination of the immune response throughout the 
animal have been greatly illuminated by studies of lymph (10-13).  Efferent lymph 
from an antigenically stimulated node has been shown to contain considerable  num- 
bers of proliferating blast cells. Hall et al.  (12) showed that, at the peak of the re- 
sponse, up to 40% of the cells in the lymph were hyperbasophilic lymphoid cells and, 
in one experiment, such cells were lea~ng a single lymph node at a rate of 200 mil- 
lion/hr. A chain reaction then occurs in which a series of lymph nodes are stimulated 
and blasts are found in the efferent lymph from successive lymph nodes.  These cells 
eventually discharge  into main lymphatic vessels  and subsequently must flow into 
the blood. Hall has suggested  that these immunoblasts are responsible  for the propa- 
gation and amplification of the immune response throughout the animal. 
Studies  of the cellular  changes  in peripheral blood following immunization in ani- 
mals have been few  in  number.  Braunsteiner  and  Pakesch  (14) identified  plasma 
cells by electron microscopy in the blood of rabbits after immunization with typhoid 
vaccine, and Hulliger and Sorkin (15) reported that the appearance of plasma cells 
in  the  blood  of  hyperimmunized rabbits was  associated with  antibody  synthesis. 
Hummeler et al.  (16) were able to identify antibody-forming lymphoid cells in the 
blood  by  combining  the  Jerne  plaque  technique  with  electron  microscopy. Most 
antibody-producing cells were found to have prominent endoplasmie reticulum. 
Because of the difficulties of research in man,  the situation  is not so clear as 
in animals. We decided to study the metabolic changes in the cells of the lyre- 
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phoid series in the peripheral  blood in man after immunization  since,  to our 
knowledge, no such study had yet been made.  The time sequence of the ap- 
pearance  of blasts  and  other reactive lymphoid cens in  the  blood after  anti- 
genic  stimulation  with  a  variety  of particulate  microbial  antigens  has  been 
studied.  The  morphology  of  separated  lymphoid  cells  was  examined  using 
both light and  electron microscopy. The metabolic properties  of the reactive 
cells were investigated by measuring the incorporation of tritiated  thymidine, 
uridine,  and  leucine  into  DNA,  KNA,  and  protein  using  radioautographic 
and  liquid  scintillation  counting  techniques.  This  study  presented  a  unique 
opportunity to study the cellular response to immunization in man since other 
methods are technically difficult or unethical in normal subjects. 
In addition to normal subjects, patients with Hodgkin's disease in remission 
were also included because we have previously shown changes in the lymphoid 
cell population  in the  active phase  of this  disease  similar  to  those  described 
here,  but  which return  to normal when  the  disease  is  in remission  (17,  18).  1 
Patients with carcinoma were also studied  to determine whether their cellular 
response to antigenic stimulation was similar to normal subjects. 
Materials and Methods 
Immunized  golunteers.--lO  normal  subjects,  3 patients  with Hodgkin's disease, and  10 
patients with advanced gastric carcinoma and malignant melanoma were studied. 
Antigen.--The following antigens were used: (a) Bordetella perlussis (Burroughs Wellcome, 
Beckenham, Kent, England),  1 ml intramuscularly  contMning 4 X  10  t° killed organisms; (b) 
T.A.B. vaccine (Burroughs Wellcome), 0.5 ml intramuscularly  containing 5 X  l0  s heat-killed 
Salmondla typki and 2.5 X  l0  s S. paratyphi A and B; (c) "Poliovaccine" (Burroughs Well- 
come), 0.5 ml. intramuscularly  contMning killed poliovirus types 1, 2 and 3; (d) tetanus vac- 
cine B.P.  (Burroughs Wellcome), 0.5 hal. intramuscularly;  (e) plague and Venuzuelan equine 
encephalomyelitis  vaccine  (Medical  Research  Establishment,  Porton  Down,  Wiltshire, 
England);  (f)  delayed  hypersensitivity  reagents  (0.1 ml  intradermally):  diluted  Varidase 
preparation  (streptokinase,  10 units/0.1  ml, and streptodornase,  2.5 units/0.1  ml) and tuber- 
culin as purified protein derivative  (10 units/0.1  ml). 
Separation of peripheral blood lymphocytes.--The  method used was a slightly modified ver- 
sion of that of Coulson and ChMmers (19). Defibrinated blood was mixed with finely divided 
carbonyl iron powder (Type SF, Fine Dyestuffs and Chemicals Ltd., Manchester, England) 
in the proportions 10 ml/100 mg in 25 ml Universal glass bottles for 30 rain at 37°C. To every 
10 mi of blood, 3 ml of 1% methylcellulose (Methocel, The Dow Chemical Co. Midland, 
Michigan)  in 0.15 u  phosphate-buffered 0.9% NaC1 solution, pH 7.2, was added.  Bubbles 
were removed by carefully pipetting  the mixture  into another Universal bottle which was 
then allowed to stand for 30 rain at 37°C. During this procedure, the granulocytes and mono- 
cytes which had taken up the iron settled out with the red cells. The supernatant contained 
98% lymphoid cells. 
Smears of the lymphoid cells were prepared,  air dried, and stained with Leishman's stain. 
The relative numbers of the different types of lymphoid cells present  were counted by two 
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independent observers,  and the results  were averaged.  At least  1000 cells  were counted on 
each slide  by each observer:  2000 cells  were counted when the number of large  lymphoid 
cells  was less  than 1%. All  slides  were  counted without the  observers  knowing to  which ex- 
periment they belonged. 
F3~tr~n Mi~rosc~py.--The cells were  fixed in  1%  glutaraldehyde in 0.15 x, phosphate 
buffer, pH 7.2, for 2 hr followed by 1% osmium tetroxide in phosphate buffer at 5°C for 30 
rain. After staining with Karnofsky's lead stain for 1 hr, the cells were dehydrated in ethyl 
alcohol and embedded in Araldite. Thin sections were cut with a Huxley microtome, mounted 
on uncoated copper grids, and examined using a Philips EM 300 electron microscope. 
Radioa~dogra~hy.--The lymphocyte preparation was incubated for 30 rain with the tri- 
tiated precursor using 1.25 #c of tritium/ml. The tritiated precursors used were thymidlne- 
6-T (Sc/mu), uridine-5-T (5c/n~), and w-leucine-4, 5-T (18c/n~)  (Radiochemieal  Centre, 
Amersham, England). Smears were made and fixed for 10 mill in methyl alcohol. Radioanto- 
graphs were prepared using llford K5 nuclear research emulsion. After exposure of the radio- 
autographs of thymidine- and uridine-labeled cells for 7 days and the radioautographs of 
leucine-labeled cells for 14 days, the slides were developed, fixed, and stained with Leishraan's 
stain. In each preparation 10-15,000 cells were inspected. All ceils with over 10 gr were counted 
as positive. 
Sd~illat~n Cou~ing.--The lymphocyte preparations were  diluted with tissue culture 
medium 199  (Glaxo Laboratories, Ltd., Grecnford,  Middlesex,  England) to a final concen- 
tration of approximately 1 million lymphoid ceils/ml and divided into 4 ml portions. The 
uptake of tritiated thymidine and tritiated uridine by these cells was estimated as follows. 
The tritiated precursor (5C/raM) was added to each 4  ml suspension at a concentration of 
1.25 #c/ml and the mixture incubated for 30 rain at 37°C. After cooling in an ice bath for 5 
mln~ the preparations were centrifuged and the supernatants were discarded. The deposited 
cells were extracted twice with 2 ml of ice cold 5% trichloroacetic add followed by two ex- 
tractions at room temperature with 2 ml of absolute alcohol. The final pellet was dissolved 
in 0.5 ml of N.KOH, and its content of tritium estimated in a Beckman LS 200 liquid scin- 
tillation counter using a  B.B.O.T.  (Ciba Ltd., Duxford, Cambridge, England) containing 
scintillation fluid. This consisted of naphthalene, 80 g; B.B.O.T.,  8 g; toluene,  600 nil; and 2 
raethoxyethanol, 400 mL The amount of quenching was assessed for each sample by means 
of an external standard. The results were calculated as counts per minute per million cells. 
RESULTS 
L ympkoid Cell Preparations from Normal Nonimmunized Subjects 
Lymphoid cell preparations were studied from  50  normal  subjects  by the 
methods described. Three main cell types could be distinguished. About 80 % 
of ceils were small lymphocytes, 6-9 #  in diameter with nuclei containing com- 
pact chromatha masses, with  a  thin rim of dear blue cytoplasm. About 20 % 
of the ceils were larger, 10-15 ~  in diameter and had relatively more clear blue 
cytoplasm. 98 %  or more of the cells in the lymphocyte preparations consisted 
of these small and medium-sized lymphocytes. 
A  small number  of large lymphoid cells of the blast type were  also fotmd, 
but  the  numbers  never  exceeded 0.5 %  of the lymphoid ceils present.  These 
cells were  1'5-25 #  in diameter with a  nudeus  containing several nudeoli and 
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They had a moderate amount of deeply basophilic cytoplasm and frequently 
a prominent hof near the nuclear indentation. 
Because  of imperfect  separation  of the cells,  a  few  monocytes were  also 
present in the preparations,  together with some neutrophilic,  basophilic,  and 
eosinophilic  polymorphonuclear  granulocytes.  Monocytes  and  monocytoid 
cells were  easily  identified  by  their  characteristic  morphology and/or  the 
presence of phagocytized iron particles. 
Other cell types were rare.  Typical plasma cells were present in numbers 
less than one in 2000 lymphoid cells. Myelocytes were also very infrequent. 
The incorporation  of tritiated thymidine into DNA by the cells of lympho- 
cyte preparations from normal subjects was measured by radioautography and 
scintillation  counting.  In the 40 controls  studied in this way, the uptake of 
tritiated thymidine was always less than 1400 cpm/10  ~  cells and less than 0.2 % 
of the lymphoid cells were labeled in radioantographs of cell smears. 
Lymphoid Cells from Subjects after Antigenic Stimulation 
Considerable changes were found in the lymphoid cell population of periph- 
eral blood in 20 subjects after antigenic stimulation. The changes were similar 
in primary and secondary responses and with the different antigens used. 
The maximum cellular response occurred 5-7  days after immunization and, 
at this time, increased numbers of three types of reactive lymphoid cells were 
present.  Increased  numbers of large lymphoid cells of a similar morphological 
type to those  present before immunization were found. However,  these cells 
tended to be larger  and more basophilic than those found before immuniza- 
tion. Up to 4 % of the lymphoid cells were of this type at the height of the 
response. There was also an increase in the number of medium-sized lympho- 
cytes and many of these cells had a much more basophilic cytoplasm than the 
normal lymphocyte. The number of plasma cells frequently rose to 0.5 % or 
more.  Figs.  4  and  5  show the different  morphological  types present during 
this response. 
1. Studies  of a  Combined  Antigenic  Stimulation.--Four  normal volunteers 
were  given  a  combined  antigenic  stimulation of  inactivated poliovirus  and 
tetanus toxoid intramuscularly, and tuberculin and streptokinase intradermally. 
These injections  involved primary and secondary antibody responses and de- 
layed hypersensitivity reactions in each subject.  Such a combination was used 
in the hope of eliciting a peripheral  blood reaction.  Several lymphocyte prepa- 
rations were studied in each  case immediately before  the study was under- 
taken, and it was established that all four subjects had the expected low num- 
bers of DNA-synthesizing cells present in normal subjects (20). Samples were 
taken at the time of immunization, and every 2-3 days thereafter for up to 12 
days, and a final lymphocyte preparation was examined 1 month after immu- 
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All subjects showed a rise in uptake of tritiated thymidine by reactive lym- 
phoid cells, reaching  a  maximum 5-7  days after the  antigenic  stimulation. 
Table I shows the increases in uptake of tritiated thymidine, in the thymidine- 
labeling index and in the numbers of large lymphoid cells. There were no sig- 
nificant differences between the total lymphocyte counts in the blood before 
and after immunization. The changes  in absolute  numbers of reactive lym- 
phoid cells were similar  to the percentage  increase in these cells. The figures 
in parentheses  are values obtained immediately before immunization. There 
was considerable variation in the magnitude of the response between individual 
subjects. All these values had returned to normal when the subjects were tested 
1 month after the antigenic stimulation. 
2. Studies of the Primary  Immune  Response.--The  primary response  to a 
particulate bacterial  antigen was investigated using T.A.B., since this has been 
TABLE I 
Maximum Blood Lymphoid Cell Response to Combined Polioviru~, Tetanus Toxoid, and Ddayed 
Hypersensitivity Antigens 
Normal healthy  Uptake ~rI-thymidlnc  Labeling index ZH-thymldine  Large  lymphoid 
volunteers  (normal <1400)  (normal <0.2%)  cells (normal  <0.s%) 
S.  E. 
R.U. 
H.E. 
S.O. 
c~n/lO  6 cells 
1415 (330)* 
lS9S (6io) 
4720  (987) 
1809 02O0) 
% 
0.34 (0.02) 
0.24 (0.i6) 
1.12 (0.2) 
0.52 (0.12) 
% 
2.5 
1.5 
2.5 
2.0 
* Numbers in parentheses are readings before immunization. 
widely used as a potent antigenic  stimulus in work on experimental animals. 
Eight subjects were immunized in this way and Table II shows the lymphoid 
cell changes  in a  representative normal subject after T.A.B. injection. The 
cellular response to this stimulus was much greater than that which had fol- 
lowed the combined antigenic  stimuli given several weeks before to the same 
subject (see S.E., Table I). The uptakes of tritiated thymidine and uridine 
were also increased. Radioautography of cells from all eight subjects revealed 
that almost all the cells labeled with tritiated thymidine were large lymphoid 
cells. Small lymphocytes were very rarely labeled,  but up to 5 % of medium- 
sized  cells with  basophilic  cytoplasm were  labeled  (Fig.  6).  Approximately 
one-third of the large lymphoid cells were labeled, but there was considerable 
variation between individuals. 
In view of the increased numbers of large lymphoid cells present in the DNA 
synthetic phase of cell growth (S phase),  it was expected that mitotic figures 
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lymphocyte preparations showing a reactive lymphoid cell picture had mitotic 
figures which had the appearance of dividing lymphoid cells. By contrast, out 
of 50 controls only one mitotic figure was seen, although several thousand cells 
were scanned in each case. 
Radioautographs showed that the cells contributing to the increased uptake 
of uridine into RNA were of all three reactive cell types. Large lymphoid cells, 
plasma cells, and hyperbasophilic medium-sized lymphocytes constituted nearly 
all the labeled cells  (Fig.  7).  Cells without increased cytoplasmic basophilia 
were not labeled. 
Tritiated leucine uptake by lymphocyte preparations was only assessed by 
radioautography. Cells found to be labeled were similar in type to those cells 
labeled with tritiated uridine (Fig. 4). The label was distributed over the whole 
cell and not concentrated over the nucleus, as was the case with tritiated uridine 
TABLE II 
T.A.B. Immunizaaon of a Re!~resentaKve Control 
About 1 wk  Before immu-  postimmu-  1 month post- 
nization  nization  immunization 
Total lymphocyte  count 
Per cent large lymphoid  cells 
~H-thymidine  uptake, cpm/lO  6 cdl~, 
3H-thymidine  labeling index, %, 
8H-uridine uptake, cpm/  lO  8 cells, 
aH-uridine labeling index, %, 
1408 
<0.4 
321 
0.04 
710 
0.2 
2160 
3.8 
6988 
1.08 
4605 
3.8 
1080 
<0.4 
1100 
0.16 
760 
0.18 
and thymidine. This suggests that increased protein synthesis is a  feature of 
the hyperbasophilic cells. 
Electron  microscopy:  A number of lymphocyte preparations were examined 
under the electron microscope and the high RNA content of the hyperbasophilic 
cells was found to be accommodated in two ways: either as polyribosomes or as 
ribosomes arranged  along endoplasmic reticulum. The largest lymphoid cell 
seen in these preparations from immunized subjects corresponded to the large 
lymphoid cell seen with the light microscope (Fig. 1). The increased amount of 
RNA in this type of cell  was accommodated  in  polyribosomes. These  cells 
contained only a little endoplasmic reticulum and the Golgi zone was usually 
prominent (Fig. 8). 
Smaller cells corresponding to the hyperbasophilic medium-sized lymphocytes 
were also found to have large amounts of ribosomal material. Many of these 
cells had prominent endoplasmic reticulum with ribosomes arranged along the 
membranes. Some had the highly organized endoplasmic reticulum of mature 
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The Golgi zone was particularly prominent in these cells. Many more cells with 
sufficient  endoplasmic reticulum to be included in the plasma cell series were 
seen than the 0.5 % suggested by the differential using a light microscope. 
Cells with endoplasmic reticulum were not nearly as frequent in lymphocyte 
preparations from controls,  and when endoplasmic reticulum was present these 
structures were not as well developed as they were in the cells of subjects after 
T.A.B. immunization.  The normal small lymphocytes and medium-sized cells 
from control subjects were not rich in ribosomal material. 
Time sequence of the cellular response: A typical result showing the approxi- 
mate time of the cellular and metabolic changes after primary T.A.B. immuniza- 
tion is given in Fig. 1. The rise in numbers of large lymphoid ceils, in thymidine- 
3.~ 
1,(  ....  /  \",X 
7  L 
3  6  9  28 
DAYS AFTER IMMUNIZATION 
FIo.  1.  The peripheral blood lymphoid cell response to primary T.A.B. immunization. 
labeling index,  and  in numbers of hyperbasophilic lymphoid cells  taking up 
increased amounts of uridine and leucine reached a maximum approximately 
5-7 days after immunization. Large lymphoid cells, many of which are in the 
S phase of cell growth were only present in increased numbers for a relativdy 
short  period,  whereas  hyperbasophilic,  medium-sized  lymphocytes with  in- 
creased uridine  and  leucine  uptake  were present  for rather  longer  periods. 
Fig.  1 shows the increased leucine-  and uridine-labeling  indices on day 3 and 
day 9 when the  numbers  of large lymphoid cells and the  thymidine-labding 
index were normal. 
The opportunity was taken to study one subject after a necessary immuniza- 
tion against plague and Venuzuelan equine encephalomyelitis.  Similar lymphoid 
cell changes were observed with this primary antigenic stimulus. 
3. Studies  of the Secondary Immune Response.--Four subjects were given a 
secondary T.A.B. stimulation, and the changes observed in these were similar 
to  the changes  described resulting  from primary T.A.B.  stimulation.  Three 856  LYMPHOID  CELLULAR RESPONSES  AHER  IM-MITNIZATION 
further subjects were studied  after a  secondary antigenic stimulus with Bor- 
detella pertussis vaccine and similar results were obtained. 
All immunized subjects in our experiments showed a reactive lymphoid cell 
response of varying intensity. The uptake of trifiated thymidine, in all but one 
volunteer, was above the highest value observed in 40 controls. In this subject, 
there were no cells labeled with tritiated thymidine in a  cotmt of over 10,000 
cells  before immunization.  There was  only  a  small  rise in  labeling  index  to 
0.14 % after immunization, but considerable increases in the uptake of uridine 
and leucine were seen. 
4.  Responses  in  Patients  with  Malignant  Disease.--Seven  patients  with 
Hodgkin's disease, malignant melanoma, or advanced carcinoma of the stomach 
were ilnnlunized with T.A.B., and their cellular responses were similar to those 
TABLE  III 
The Lymphoid Cells in the Peripheral Blood of Three Patients with Hodgkin's Disease 
Patient ....... 
Clinical stage 
Before treatment 
1 month posttreatment 
Several months post- 
treatment (in remis- 
sion) 
6-7 days post-T.A.B. 
Large lymphoid cells 
(normal <0.5%) 
W.  S.  M.C. 
I  III  IIA 
%  %  % 
2.0  1.0  4.0 
2.5  0.7  1.0 
1.0  <0.5  0.6 
1.0  1.2  2.0 
aHTdr uptake 
(normal <1400) 
W.  S.  M.C. 
I  III  IIA 
c~/million cells 
3610  3985 33,450 
2393  2240  6,545 
575  1014  625 
4710  2641  7,560 
Labeling index aHTdr 
(normal <0.2%) 
I 
W.  S.  ~M.C. 
I  III  IlA 
%  %  % 
0.22  --  2.0 
0.96  --  -- 
0.04  0.06  0.02 
0.74  0.36  1.8 
of controls. Hyperbasophilic lymphoid cells are present in the blood of most 
patients with Hodgkin's disease before treatment (17, 18). It has been suggested 
that these cells form part of a cellular immunological reaction which is present 
in patients with this disease. Reactive cells disappear with the amelioration of 
the disease after treatment3 
The results of T.A.B. immunization in three patients with Hodgkin's disease 
in different stages of dissemination are shown in Table III. The patients had no 
obvious  impairment  of  cellular  immunity  as  indicated  by  delayed  hyper- 
sensitivity reactions.  During  the  course  of  treatment  with  radiotherapy,  all 
these patients went into remission and, in the ensuing few months, the lymphoid 
cell population  of the blood returned  to normal. After a  primary T.A.B.  im- 
munization,  once again abnormal lymphoid cell populations were found,  and 
these were indistinguishable in. type, both morphologically and metabolically, 
from the  cellular  changes  before  treatment  of  the  disease.  The  response  to 
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Four patients with advanced malignant disease, but normal delayed hyper- 
sensitivity  responses,  showed  the  usual  changes  after  T.A.B.  stimulation. 
Table IV compares the typical responses of two carcinoma patients with two 
controls, one of which showed a smaller, and the other a larger, response than 
the two cancer patients. Three other patients with malignant melanoma were 
studied  after a  secondary antigenic stimulus  with B.  pertussis  vaccine,  and 
similar results were obtained. 
Figs. 2 and 3 show the increases in numbers of immunoblasts and in thymi- 
dine-labeling  indices  of  blood lymphoid  cells  from patients  with  malignant 
disease and from controls stimulated with a variety of different antigens. There 
was much individual variation in the degree of response, but there were no 
significant  differences between  the  two  group.~.  All  subjects  in  each  group 
TABLE IV 
Maximum Blood Lymphoid Cell Response to Primary T.A.B. Immunization 
Large lymph- 
oid cells 
Patient  (normal 
<o.5%) 
% 
S.C.*  2.9 
N.I.:[:  1.0 
S.E.§  3.8 
C.R.§  1.4 
*H-thymidine 
uptake 
(normal 
<1400) 
cpm/million 
cells 
2224 
2845 
6988 
1530 
SH-thymidine 
labeling 
index 
(normal 
<0.2%) 
% 
0.5 
0.82 
1.08 
0.4 
IH-uridine 
uptake 
(normal 
<1400) 
cpm/milllon 
cells 
1157 
1752 
46O5 
9OO 
*I-I-~id~e 
hbeling 
~dex(normal 
<o.s%) 
% 
1.04 
2.4 
3.62 
0.3 
SH-leucine 
labeling 
index (normal 
<0.2%) 
% 
1.66 
0.4 
0.36 
* Advanced cancer of the stomach. 
~: Advanced malignant melanoma. 
§ Control. 
showed increased numbers of reactive lymphoid cells with increased uptakes of 
tritiated  thymidine, uridine,  and leucine into DNA,  RNA,  and  protein,  re- 
spectively, but in one subject from each group the changes were small. 
Two patients  were  tested from each  group  (Hodgkin's disease,  advanced 
malignancy, and controls) for antibody production after T.A.B., and all showed 
a normal antibody response to the O and H antigens of S. typhi and S. paratyphi 
A and B. 
5.  Study of Patients during Bacterial  and Viral Infection.--23  patients were 
studied during acute infective illnesses. Hyperbasophilic lymphoid cells were 
found in the blood in 20 patients with herpes zoster, glandular fever, acute 
upper respiratory tract infections, acute bronchitis, pneumonia, staphylococcal 
empyema,  acute  pyelonephritis,  and  tuberculosis.  These  reactive  cells  had 
similar morphological and metabolic properties to those appearing in the blood 
after immunization. 
Our studies have shown that the blood of most patients with acute infections 858  LYMPHOID  CELLULAR  RESPONSES  A~TER  ~ATION 
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have small numbers of hyperbasophflic  lymphoid cells appearing  during the 
course  of the infection.  The changes  are more pronounced  in viral than in 
bacterial infections but the appearance  of reactive lymphoid cells in the blood 
appears to be an almost universal consequence of infection if sensitive methods 
for detection are used. 
DISCUSSION 
Ttirk, in 1898, was the first to describe atypical cells in the peripheral  blood 
of  patients  suffering  from a  variety of  infections  such  as  glandular fever, 
bacterial endocarditis,  typhoid fever,  and streptococcal  sepsis  (23). He con- 
sidered that the cells he saw were of lymphoid origin. An increase in plasma cells 
was noted, together with increases in various forms of basophilic  cells, some 
with a monocytoid appearance. He called the plasmacytoid cells with basophilic 
cytoplasm  "irritation  cells."  Since  Tiirk's  papers,  there  have  been  many 
reports of basophilic  mononuclear  cells in the blood  of patients with acute 
infections, and controversy has raged for many years over the question of the 
origin  of such  cells. In view  of this uncertainty, the term "atypical mono- 
nuclear" was introduced. The term is not a good one since it applies to cells of 
the monocytic series in addition to lymphoid cells. Identification of unusual 
cells of the lymphoid and monocytic series presents  a  problem.  This paper 
overcomes some of the difficulties in that only nonphagocytic cells were studied. 
Hyperbasophilic  atypical mononuclear cells, many of which are in the S phase 
of cell growth, are known to be particularly prominent in patients with certain 
viral rickettsial and bacterial infections (21, 22, 24). 
Patients with viral infections such as glandular fever have particularly large 
numbers of atypical mononuclear cells in S phase in the blood. Viral transfor- 
mation, in  addition to  antigenic  stimulation, may well play a  part  in  the 
production of such cells. Similar cells have been found in our study after an 
immune  stimulus of  bacterial  antigens in  man.  Indeed,  the  lymphoid cell 
population changes in the blood in response to a wide variety of antigens were 
very similar. Our findings appear to have significance in the natural episodes of 
acute infectious illness occurring  in the normal environment. Immunization, 
infections,  hypersensitivity reactions  (24), and autoimmune disease  (17) are 
all accompanied by similar lymphoid cell changes in the blood. 
In contrast with the immense  amount of work  on lymphoid tissue,  there 
have been surprisingly  few studies of the lymphoid reaction in the peripheral 
blood in animals after immunization, but plasma cells have been unequivocally 
demonstrated by electron microscopy. Braunsteiner and Pakesch (14) were able 
to show increases in plasma cells in the blood of rabbits after repeated injections 
of typhoid vaccine. Hummeler et al. (16) and Harris et al. (25) described the 
electron microscopic appearance  of the lymphoid cells which were synthesizing 
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blood after immunization of rabbits with sheep red cells. Lymphoid cells from 
the peripheral  blood synthesizing antibody were identified using a hemolysin 
plaque test and subsequent  electron  microscopy  of these ceils revealed  that 
they were of all reactive cell types. Most had a well-organized  endoplasmic 
reticulum with polyribosomes filling the spaces between these organelles. Some 
cells had cytoplasm rich  in polyribosomes  but little  endoplasmic  reticulum. 
The Golgi zone was prominent in comparison with the amount of cytoplasm. 
The electron micrographs  of these authors were similar to the electron micro- 
graphs  of  reactive  lymphoid cells from  our  immunized subjects.  Atypical 
mononuclears in the blood of patients with drug hypersensitivity  reactions have 
also been found to have the ultrastructure of large  lymphoid cells (26). Im- 
munoblasts in lymph nodes, spleen, and lymph produced in response to anti- 
genic  stimulation have  a  similar  ultrastructure to  the  large  lymphoid cells 
found in blood after immunization and in our patients with infections. 
The  response  to  antigenic  stimulation in  man  reported  here  involved  a 
considerable  change in the population of nonphagocytic cells in the blood. A 
proliferating population of large lymphoid cells and cells of an intermediate 
character between these cells and mature plasma cells were found. The increase 
in numbers of blast cells was not accompanied by any increase in numbers of 
primitive myeloid cells. This fact, in addition to the observed increase in other 
abnormal  cells of the  lymphoid series, suggests  that  the  blast  cells  are  of 
lymphoid origin. The time course of appearance  of these cells in blood after 
antigenic stimulation was similar to that of immunoblasts appearing in efferent 
lymph after a similar antigenic stimulation in the sheep (10, 11). 
Cells with extensive  endoplasmic  reticulum were  more  common  in  blood 
than  they were  in  the  efferent  lymph from stimulated nodes,  whereas  the 
relative numbers of large lymphoid cells in the lymphocyte preparations from 
blood were considerably  less. One possible explanation is that the larger ceils 
are preferentially removed from blood leaving the smaller hyperbasophilic  ceils 
in relatively greater numbers.  Birbeck and Hall (9) have shown that some of 
the large lymphoid cells in lymph, draining stimulated lymph nodes in sheep, 
undergo transformation within 24 hr to plasma cells in vivo. Some of the cells 
of the plasma cell series in blood may, therefore, have been derived from large 
lymphoid cells during transit in the blood. Hall has shown that the large lymph- 
oid cells are responsible for propagating and amplifying the immune response 
throughout the body. The presence of similar cells in the blood after immuniza- 
tion in man may be explained in these terms, but the situation is made complex 
in view of the possible contribution of reactive cells from bone marrow, spleen, 
and thymus. 
The  appearance  of immunoblasts in  the  peripheral  blood  after  antigenic 
stimulation could provide an indirect way of telling whether an immunological 
reaction is in progress in man when direct proof is lacking. D.  CROWTHER~  G.  H.  ~AIRLEY~  AND  R.  L.  SEWELL  861 
SUMMARY 
A  combined  morphological  and  metabolic  study  has  been  made  of  the 
lymphoid cells in the blood during the immune response in man. Similar changes 
were observed in both primary and secondary responses to a number of different 
microbial antigens.  The cellular response involved an increase in numbers of 
three  types of cell; hyperbasophflic medium lymphocytes, plasma cells,  and 
large lymphoid cells. The large lymphoid cells were about 20 # in diameter with 
large nuclei,  prominent nucleoli,  and  an intensely basophillc cytoplasm with 
numerous polyribosomes. About 30% of these cells were in the DNA synthetic 
phase of cell growth. Electron microscopy has shown that many of the basophilic 
medium-sized cells have sufficient well-organized endoplasmic reticulum to be 
included  in  the  plasma  cell  series.  The  hyperbasophilic  cells  labeled  more 
heavily with tritiated uridine and tritiated leucine than the normal small and 
medium lymphocytes from the peripheral blood of patients not under antigenic 
stimulation. 
The evidence in this paper supports the argument that the atypical mono- 
nuclear cells first described by Tiirk and others in the blood of patients with 
infections are immunoblasts,  plasma ceils,  and  other reactive lymphoid ceils 
representing a circulating population of lymphoid cells derived from lymphoid 
tissue responding to antigenic stimulation. The presence of such cells may be a 
valuable indication that an immunological reaction is in progress when direct 
proof is lacking. 
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FIC. 4.  One large lymphoid cell and two small lymphocytes in a  lymphocyte prep- 
aration from blood on day 6 after a primary T.A.B. immunization of a  normal volun- 
teer. Leishman stain.  ×  1500. FIGS.  ,5 a  and b.  Reactive lymphoid  cells in a  lymphocyte preparation  from blood 
on  day  6  after  a  primary  T.A.B.  immunization  of  a  normal  volunteer.  Leishman 
stain.  ×  1200.  Fig. 5 a. Two plasma  cells and  two small lymphocytes. Fig. 5 b.  Four 
hyperbasophilic lymphoid cells. 
864 FIGS. 6 a and b. Radioautographs showing reactive lymphoid cells labeled with tri- 
tiated  thymidine. Cell  preparations were  made  on  day  6  after  a  primary T.A.B. 
immunization  of a normal volunteer. Leishman stain. X  1500. Fig. 6 a. Labeled large 
lymphoid cell. Fig. 6 b. Labeled medium, hyperbasophilic lymphocyte. 
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FIGS.  7  a  and b.  Radioautographs of  lymphocyte preparations made  on day  6 
after a primary T.A.B. immunization  of a normal volunteer. Leishman stain. )< 1100. 
Fig. 7 a. Three medium, hyperbasophilic lymphocytes lableled with tritiated uridine 
and three unlabeled small lymphocytes. Fig. 7 b. Two medium hyperbasophilic lym- 
phocytes labeled with tritiated leucine and eight unlabeled small lymphocytes. 867 868  LYMPHOID CELLULAR RESPONSES  AFTER  IMMUNIZATION 
FIGS.  8  a  and  b.  Electron micrograph  of reactive lymphoid  cells in a  lymphocyte 
preparation  from  blood on day  6  after a  primary  T.A.B.  immunization of a  normal 
volunteer.  The  cells were fixed in glutaraldehyde  and  osmium  tetroxide  and  stained 
with Karnofsky's lead stain.  X  32,000.  Fig. 8 a  Part of a large lymphoid cell showing 
the characteristic polyribosomes. Fig. 8 b. Part of a medium-size lymphocyte showing 
the highly organized endoplasmic reticulum. 869 